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(57) [Abstract] 

c 

[Object] To provide a structure of an impact energy 
absorbing apparatus that uses an FRP energy absorbing 

\ 

member that can efficiently absorb energy, and more 

\ 

particularly, to a concrete structure^ of an impact energy 

\ 

absorbing apparatus which is developed in various fields. 
[Configuration] A glider 1, a guardrail, a vehicle 

stopper apparatus, a boat, a ropeway gondola, an elevator 

case, and an elevator apparatus in which an FRP energy 

j 

absorbing member 3 that absorbs impact energy by its own 
compression failure is disposed in a direction opposed to 



an impact force load direction. 

\ 

[Scope of Claims for Patent] \ 

[Claim 1] An impact energy absorbing apparatus, wherein an 
FRP energy absorbing member that moderates an impact force 
from outside by its own compression failure is provided on 
an apparatus main body so as to be ^opposed to an impact 
force load direction. 



[Claim 2] A glider, wherein FPR energy absorbing members 
are respectively provided in front of and below a cockpit 
such as to extend forward and downward of the glider. 
[Claim 3] A guardrail consisting of a stretched wire and 
provided on a road, wherein an FRP energy absorbing member 
is provided on the wire such that the FRP energy absorbing 
member is oriented toward a stretching direction of the 



\ 

wire. \ 



[Claim 4] A vehicle stopper apparatus provided on a 
railroad, wherein an FRP energy absorbing member is 
provided on the vehicle stopper apparatus so as to be 
opposed to an impact force load direction from a vehicle. 
[Claim 5] A boat, wherein an FRP energy absorbing member is 
provided at least at its bow so as to\ be opposed to an 
impact force load direction at the tim\e of collision. 
[Claim 6] A ropeway gondola , wherein an FRP energy 
absorbing member is provided below a floor of a main body 
of the gondola so as to be opposed to an \ impact force load 

\ . 

direction at the time of dropping and crashing. 
[Claim 7] An elevator case, wherein a vertically extending 
FRP energy absorbing member is provided below a floor of a 
main body of the case. 

[Claim 8] An elevator apparatus, wherein a vertically 
extending FRP energy absorbing member is provided on a 



bottom surface of a pit of the elevato 



r . 




[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an impact energy 
5 absorbing apparatus using an FRP (fiber reinforced plastic) 
energy absorbing member which can be applied to various 
. fields . 
[0002] 

[Background Art] Energy absorbing members that absorb 

v 

10 impact energy are used .around a seat of an aircraft, around 

\ 
\ 

a seat of an automobile, around a bumper, around a steering 
wheel, and various kinds of structure members (Japanese 
Patent Applications Laid-Open Nos . S6Q-109630 and S62- 
17438) . It is necessary that the energy absorbing member 
15 can excellently absorb impact energy, and the energy 

absorbing member is light in weight and has high rigidity. 
Thus, a composite material of resin and reinforcing fiber, 



a s 



o-called FRP, and especially a carbon \f iber reinforced 



plastic (CFRP) material is suitable for tl;ie energy 

\ 

20 absorbing member. 

\ 

[0003] \ 
[Problem to be Solved by the Invention] 

In the impact energy absorbing apparatus using such an 
FRP energy absorbing member, disposition of the energy 
25 absorbing member and the structure of the entire apparatus 



is not yet sufficiently studied, and the impact energy 
absorbing .apparatus has not yet sufficiently developed into 
practical use in various industrial fields. 
[0004] It is an object of the present invention to 

provide a structure of an impact energy absorbing apparatus 
that makes an FRP energy absorbing member efficiently 
absorb energy, and to provide a more concrete structure 

developed into various fields. 

\ 

[0005] 

* 

[Means for Solving Problem] To achieve the above object, 
claim 1 of the present invention provides an impact energy 
absorbing apparatus, wherein an^FRP energy absorbing member 
that moderates ah impact force from outside by its own 

compression failure is provided an an apparatus main body 

. \ 

so as to be opposed to an impact f<orce load direction. 

[0006] The impact energy absorbing apparatus of the 

\ 

invention can be developed into various moving bodies on 
which people ride, and the impact energy absorbing 
apparatus is extremely effective fox: securing safety of a 



passenger as much as possible when a 
is generated in the moving body. Th 



bnormal impact energy 
.at is, claim 2 of the 



invention provides a glider, wherein FPR energy absorbing 
members are respectively provided irj front of and below a 

cockpit such as to extend forward and downward of the 

i 

glider. 



[0007] Claim 3 of the invention provides a guardrail 

consisting of a stretched wire and provided on a road, 
wherein an FRP energy absorbing member is provided on the 



w 



ire such that the FRP energy absorbing member is oriented 



toward a stretching direction of the wire. 
[0008] Claim 4 of the invention provides a vehicle 

stopper apparatus provided on a railroad, wherein an FRP 
energy absorbing member is provided on the vehicle stopper 
apparatus so as to be opposed to an impact force load 
direction from a vehicle. 

[0009] Claim 5 of the invention provides a boat, wherein 

an FRP energy absorbing member is provided at least at its 
bow so as to be opposed to an impact force load direction 
at the time of collision. The invention can be applied to 
a small high speed boat for example. 

[0010] Claim 6 of the invention provides a ropeway 

gondola, wherein an FRP energy absorbing member is provided 
below a floor of a main body of the gondola so as to be 
opposed to an impact force load direction at the time of 
dropping and crashing. 

[0011] Claim 7 of the invention provides an elevator 

case, wherein a vertically extending FRP energy absorbing 
member is provided below a floor of a main body of the case 

v. 

[0012] Claim 8 of the invention provides an elevator 

apparatus, wherein a vertically extending FRP energy 



absorbing member is provided on a bottom surface of a pit 
of the elevator. 

[0013] The energy absorbing member includes, for example, 
a cylindrical FRP energy absorbing member. Preferably, the 
energy absorbing member includes, at least at its 
longitudinally one end, a trigger which is an origin of a 
compression failure of the energy absorbing member itself. 
The trigger is formed, for example, by tapering a tip end 
of the FRP cylindrical member such that the thickness 
thereof is reduced, or by embedding a different kind member 
(e.g., mold releasing film) for assisting delamination 
between the reinforcing fiber layers so that delamination 
of the layers of the FRP cylindrical member can be carried 
out easily at its tip end. 

[0014] In the FRP energy absorbing member, it is 

i 

} 

preferable that the fracture ductility of resin is greater 
than that of the reinforcing fiber. For example, it is 
preferable that the fracture ductility of resin is one to 

four times greater than that of the reinforcing fiber. 

i 

i 

With this, energy can be absorbed efficiently. 
[0015] It is preferable that energy releasing ratio G IC 

of resin is 100 J/m 2 or higher. The energy releasing ratio 

; 

Gic is measured based on a compact test (CT) standard: 
ASTM-E-399, and the energy releasing ratio G IC is a energy 
releasing ratio when resin itself is torn off. If the 



1>P 



i 



energy releasing ratio GIC is' less than 100J/m 2 , the resin 
itself is torn off relatively easily, and it becomes 
difficult to achieve high energy absorbing ability. If the 
energy releasing ratio Gi C is set to 100 J/m 2 or higher, 

5 excellent energy absorbing ability can be exhibited. 

i 

[0016] '. 

[Function] In the impact energy absorbing apparatus, 

when an impact force is applied to the apparatus main body 
from outside (including both cases when the apparatus main 

10 body collides against another object and when another 

\ 

object collides against the apparatus main body) at the 
time of various abnormal incidents , \ since the impact energy 
absorbing apparatus includes the FRP\ energy absorbing 
member that moderates the impact foro:e from outside 
15 material through its own compression Ifailure in the 

direction opposed to the impact force! load direction, the 

energy absorbing member can efficiently start the 

- " \ 

compression failure, and can absorb the^ impact energy most 
effectively. Therefore, when the impact energy is 

20 transmitted to a passenger or the like, "the transmitted 
impact energy can be suppressed to the minimum value. 
[0017] For the glider, since the FRP energy absorbing 

member is provided in front of and below the cockpit, the 
impact energy is efficiently absorbed by the energy 

25 absorbing member at the time of belly-landing, and an 



impact force to be applied to a pilot is efficiently 
moderated. 

[0018] For the guardrail, if an automobile runs in a 

wrong direction and collides against a wire of the 
guardrail, impact tension force is applied to the wire. 
Since the FRP energy absorbing member is disposed in the 
tension direction of the wire, the impact compression load 
(i.e., impact wire tension load) is received by the energy 
absorbing member most effectively, and the impact energy is 
effectively absorbed through the compression failure of the 
energy absorbing member itself. 

[0019] For the vehicle stopper apparatus, when a vehicle 

runs toward the apparatus and collides against the 
apparatus, an impact load is applied to the apparatus. 

" . V 

However, since the FRP energy absorbing member is -disposed 
so as to be opposed to the impact force load direction, the 
impact energy is applied to the energy absorbing member 
most efficiently, and the impact energy is effectively 

i 

i 

absorbed through the compression failure of the energy 
absorbing member itself. 

[0020] For the boat, when the boat collides against 

another boat or a quay, although^ an impact force is applied 
to the boat mainly from its bow/ since the FRP energy 



absorbing member is provided at 
so as to be opposed to the impa. 



least a the bow of the boat 
ct force load direction, the 



8 



impact energy is efficiently and effectively absorbed by 
this portion, and the impact energy to be transmitted to 
other portions of the boat is largely moderated. 
[0021] For the ropeway gondola, when the gondola drops 

and crashes to the ground due to any reason, it is 
estimated that an impact force is transmitted from a floor 
surface of the gondola to the main body of the gondola and 
to an interior thereof. Since the FRP energy absorbing 
member is provided below the floor of the main body of the 
gondola so as to be opposed to the impact force load 
direction, the impact energy is absorbed efficiently and 
effectively by this portion, and the impact energy to be 
transmitted to the other portions and the interior of the 
gondola is suppressed to the minimum level. 
[0022] For the elevator case, when the case drops and 

crashes due to any reason, although an impact force is 
transmitted from its floor surface to a main body and an 
interior of the case, since the vertically extending FRP 
energy absorbing member is provided below the floor of the 

* 

main body of the case, the impact energy is absorbed 
efficiently and effectively by this portion, and the impact 
energy to be transmitted to the other portions and the 
interior of the case is suppressed to the minimum level. 
[0023] For the elevator apparatus, when the elevator 

case drops and crashes due to any reason, although a bottorr 



surface of the case and a bottom surface of an elevator pit 
collide against each other, since the vertically extending 
FRP energy absorbing member is provided on the bottom 
surface of the elevator pit, the impact energy is 
efficiently and effectively absorbed by this portion 
through the compression failure of the energy absorbing 
member, and the impact force to be applied to the elevator 
case is largely moderated. 
[0024] 

[Embodiments] Concrete embodiments of an impact energy 
absorbing apparatus according to the present invention will 
be explained with reference to the accompanying drawings. 
Figs. 1 and 2 depict one embodiment of a glider according 
to the invention. In Fig. 2, a reference symbol 1 
represents the entire glider 1. The glider 1 includes a 
cockpit 2 on which at least one pilot can board. As shown 
in Fig. 2, a plurality of FRP energy absorbing members 3 
are provided in at least front of and below the cockpit 2 
such as to extend forward and downward of the glider 1. 
[0025] The energy absorbing member 3 is formed as shown 

in Fig. 3. The energy absorbing member 3 consists of an 
FRP cylindrical member (circular cylinder) , and absorbs an 
impact energy through compression failure of the energy 
absorbing member 3 itself. In this embodiment, a support 
member 4 is mounted on a bottom of the energy absorbing 

10 



member 3 in the longitudinal direction, and a push member 5 
is provided at an upper end of the energy absorbing member 
3. The impact energy is transmitted to the energy 
absorbing member 3 through the push member 5. A tip end 

4 

(upper end) of the energy absorbing member 3 is tapered, 
thereby forming a trigger which functions as a starting 
point of failure such that a predetermined failure starts 
smoothly in a preferable manner. The shape of the FRP 
energy absorbing member is not limited to that shown in Fig. 
3, and the shape may be a flat plate shape other than the 
cylindrical shape, and the cross sectional shape may be 
different. 

[002 6] The FRP constituting the energy absorbing member 

3 is a composite material of reinforcing fiber and matrix 
resin. Examples of the matrix resin constituting the FRP 
energy absorbing member are thermosetting resins such as 
epoxy resin, phenol resin, polyimide resin, vinyl ester 
resin, and unsaturated polyester, and thermoplastic resins 
such as polyamide resin, polycarbonate resin, and 
polyetherimide resin. Although carbon, fiber is preferable 
as the reinforcing fiber, the reinforcing fiber is not 
limited to this. Glass fiber, aramid fiber, and the like 
can also be used as the reinforcing fiber, or they may be 
used in combination. The mode of the reinforcing fiber is 
not limited. The reinforcing fiber may be a unidirectional 



I 
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layer, intersecting laminated layers, a plurality of 
laminated layers, or a web mode. 

[0027] In such a glider, when an abnormal incident 

occurs, the cockpit 2 and a passenger such as the pilot in 
the cockpit 2 . are protected effectively from the impact 
force. At the time of belly-landing for example, an impact 
force is applied to the cockpit 2 from front and below 
thereof. The impact forces in these directions are applied 
to the energy , absorbing members 3 as impact compression 
loads, and compression failure of the energy absorbing 
member 3 itself is induced. The impact energy is 
effectively absorbed by the compression failure. Since the 
disposition direction of the energy absorbing member 3 and 
the impact force applying direction are substantially the 
same, the impact force is moderated most efficiently. 
[0028] Figs. 4 and 5 depict one embodiment of the 

guardrail according to the present invention. In Fig. 4, a 
reference symbol 11 represents the entire guardrail 
disposed on an outer edge of a road. A plurality of wires 
12 are stretched as the guardrail 11. Energy absorbing 

boxes 13 are provided at appropriate locations of the 

i 

stretched wires 12 . j 

i 

[002 9] As shown in Fig. 5, a cylindrical FRP energy 
absorbing member 14 is provided in each energy absorbing 

I 

i 

box 13. One end of a wire 12a i, ; s fixed to one end of the 



1 

I 



energy absorbing box 13 , and a push member 15 is fixed to 
one end of another wire 12b. The wire 12b is inserted 
through a hole 13b formed in one bottom wall 13a of the 
energy absorbing box 13, and is inserted through a hollow 
5 portion of the energy absorbing member 14 and then fixed to 
the push member 15. 

[0030] The wires 12a and 12b of the guardrail 11 are 

usually stretched with a predetermined tension. Thus, the 
bottom surface of the FRP energy absorbing member 14 abuts 
10 against a bottom wall 13a of the energy absorbing box 13, 

and a trigger 14a on the opposite tip end abuts against the 
push member 15. 

[0031] In this state, if an automobile running in a 

wrong direction collides against the guardrail 11, an 

15, impact tension force is applied to the wires 12. At that 
time, an impact compression load is applied to the FRP 
energy absorbing member 14 between the bottom wall 13a of 
the energy absorbing box 13 and the push member 15. This 
impact compression energy is effectively absorbed through 

20 the compression failure of the FRP energy absorbing member 
14 itself. The compression failure smoothly proceeds from 
the trigger 14a. Since the energy absorbing member 14 is 
oriented in the direction opposed to the compression load 
direction, the impact tension force applied to the wire is 

25 most efficiently moderated. The structure of the FRP 

* 

13 



energy absorbing member 14 is the same as that shown in Fig. 
3 . 

[0032] Fig. 6 depicts one embodiment of the vehicle 

stopper apparatus of the invention. In Fig. 6, a reference 
symbol 21 represents the entire vehicle stopper apparatus 
disposed at a terminal of a railroad. The vehicle stopper 
apparatus includes a front block body 22 disposed on the 
side of an approaching vehicle, and a base block body 23 on 
the rear side. A plurality of FRP energy absorbing members 
24 are disposed between the front block body 22 and the 
base block body 23. Each of the energy absorbing members 
24 is disposed in a direction opposed to the impact force 
load direction from the approaching vehicle. The structure 
of the energy absorbing member 2 4 is the same as that shown 
in Fig . 3 . 

[0033] In such a vehicle stopper apparatus 21 , when a 

vehicle collides against the front block body 22 , since the 
base block body 23 is fixed, a compression impact load is 
applied to the FRP energy absorbing member 24. This impact 

i 

load is effectively moderated through the compression 
failure of the energy absorbing member 24 itself. Since 
the FRP energy absorbing member 24 is disposed in the 
direction opposed to the impact load, the impact energy is 
most efficiently absorbed. 



[0034] Fig. 7 depicts one embodiment of the boat 

according to the invention, and the invention is applied to 
a small high speed boat. In Fig. 7, a reference symbol 31 
represents the entire small high speed boat (motor boat) . 

■ 

A plurality of FRP energy absorbing members 32 are provided 
on a bow 33 of a boat body of the small high speed boat 
such that the FRP energy absorbing members 32 are directed 
to be opposed to the impact force load direction at the 
time of collision, i.e., forward. In this embodiment, a 
cabin 34 is provided on a front side of the boat body, and 
the energy absorbing members 32 are provided on the front 
side. The structure of the energy absorbing member 32 
itself is the same as that shown in Fig. 3. 
[0035] When the small high speed boat 31 collides 

against another boat or a quay, an impact force is applied 
to the entire boat or the cabin 34 mainly from its bow 33. 
However, since the bow 33 of the boat includes the FRP 
energy absorbing members 32 directed to be opposed to the 
impact force, the impact energy is efficiently and 
effectively absorbed through the compression failure of the 
energy absorbing members 32, and the impact force to be 
applied to, for example, the cabin 34 is largely moderated. 
[0036] Fig. 8 depicts one embodiment of the ropeway 

gondola of the invention. In Fig. 8, a reference symbol 41 
represents the entire ropeway gondola. A plurality of FRP 



energy absorbing members 44 are disposed on a floor 43 of a 
gondola main body 42 in a direction (mainly in the vertical 
direction but other directions may be added) opposed to an 
impact force load direction when the gondola drops and 
crashes. A floorboard 45 is supported through the FRP 
energy absorbing members 44 such that the floorboard 45 can 
move relative to a bottom plate 42a of the gondola main 
body 42. The structure of the energy absorbing member 44 
is the same as that shown in Fig. 3. 

[0037] When the ropeway gondola 41 drops and crashes to 

the ground due to any reason, it is estimated that an 
impact force is transmitted from its bottom surface to an 
interior of the main body 42 of the gondola. Since the FRP 
energy absorbing members 44 are disposed on the. floor 43 of 
the gondola main body 42 in the direction opposed to the 

impact force, the impact energy is efficiently and 

i 

i 

effectively absorbed through the compression failure of the 

j 

energy absorbing member 44 at this portion. As a result, 



the impact energy to be trans 



nitted to the interior of the 



gondola main body 42 is suppressed to the minimum level. 
[0038] Fig. 9 depicts one I embodiment of the elevator 

case of the invention. In Fjig. 9, a reference symbol 51 
represents the entire elevat'or case. A wire 53 is 

■ » 

connected to an upper end o-f a case main body 52. A 
plurality of vertically extending FRP energy absorbing 



members 56 are disposed on a floor 54 of the case main body 
52 between a floorboard 55 and a bottom plate 52a of the 
case main body 52. The floorboard 55 is supported by the 
energy absorbing members 56 such that the floorboard 55 can 
5 move relative to the bottom plate 52a. The structure of 

the energy absorbing member 56 is the same as that shown in 
Fig. 3. 

[0039] When the elevator case 51 drops down due to any 

reason, an impact force is transmitted into the case main 

10 body 52 from the bottom plate 52a. Since the FRP energy 
absorbing members -56 are disposed on the floor 54 of the 
case main body 52 so as to be opposed to the impact force, 
the impact energy is efficiently and effectively absorbed 
through the compression failure of the energy absorbing 

15 members 56 at this portion. As a result, the impact energy 
to be transmitted to the floorboard 55 is suppressed to the 
minimum level. 

[0040] Fig. 10 depicts one embodiment of the elevator 
apparatus of the invention. In the Fig. 10, a reference 
20 symbol 61 represents the entire elevator apparatus, 62 

represents an elevator case, and 63 represents an elevator 
pit. A plurality of vertically extending FRP energy 
absorbing members 65 stand on a bottom surface 64 of the 
elevator pit 63, and a push plate 66 is provided on the FRP 



17 




energy absorbing members. The structure of the energy- 
absorbing member 65 is the same as that shown in Fig. 3. 
[0041] In the elevator apparatus 61, when the elevator 

case 62 drop down due to any reason, the bottom surface of 
5 the case 62 and the push plate 66 collide against each 

t * 

other. Since the vertically extending FRP energy absorbing 
members 65 stand on the lower side of the push plate 66 , 
the impact energy is efficiently and effectively absorbed 
through the compression failure of the energy absorbing 
10 members 65. As a result, the impact energy to be applied 

X 
I 

to the elevator case 62 is suppressed to the minimum level. 
[0042] - If the structure of the elevator case shown in 
Fig. 9 and the structure of the elevator apparatus shown in 

i 

Fig. 10 are combined with each others, an impact force can 

■ 

15 be moderated more excellently. 
[0043] 

[Effect of the Invention] As explained above, according 

to the impact energy absorbing apparatus; of the invention 

.which can be developed in various fields) an impact energy 

i 

20 applied to the apparatus when an abnormal 1 incident occurs 
can extremely efficiently and effectively be absorbed. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a schematic partial vertical cross 
section of a glider according to one embojdiment of the 
25 present invention. 
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[Fig. 2] Fig. 2 is a perspective view of the entire glide: 
shown in Fig . 1 . 

[Fig. 3] Fig. 3 is an enlarged vertical cross section of 
an energy absorbing member shown in Fig. 1. 

[Fig. 4] Fig. 4 is a front view of a guardrail of another 
embodiment of the invention. 

[Fig. 5] Fig. 5 is an enlarged partial cross section of 
the guardrail shown in Fig. 4. 

[Fig. 6] Fig. 6 is a side view- of a vehicle stopper 
apparatus according to still another embodiment of the 
invention. 

[Fig.. 7] Fig. 7 is a schematic vertical cross section of 
boat of yet another enibodiment of the invention. 
[Fig. 8] Fig. 8 is a schematic vertical cross section of 
ropeway gondola of still yet another embodiment of the 
invention . 

[Fig. 9] Fig. 9 is a. schematic vertical cross section of 
an elevator case of sstill yet another embodiment of the 
invention. 

[Fig. 10] Fig. 10 is a schematic partial vertical cross 
section of an elevator apparatus of still yet another 
embodiment of the invention. 
[Explanations of Letters for Numerals] 

1 Glider 

2 Cockpit 

* 

i 

, i 

. i 




4, 



24, 32, 44, 56, 



65 



FRP energy absorbing members 



Trigger 



Support member 



5 



Push member 



Guardrail 
12a, 12b Wires 
Energy absorbing box 
Vehicle stopper apparatus 
Front block body 
Base block body 

Small high speed boat (motor boat) 

Bow 

Cabin 

Ropeway gondola 
Gondola main body 
Floor 

Floorboard 
Elevator case 
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Elevator apparatus 
Elevator case 
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Bottom surface 
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Push plate 
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